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We claim: 

1. An interconnection system for a plurality of 
processing elements (PEs) , each PE having a communications 
port for transmitting and receiving data and commands, the 
interconnection system comprising: 

inter- PE connection paths; and 

a clustei switch connected to said PEs so as to combine 
mutually excli sive inter-PE connection paths and to thereby 



substantially 



of conventiona 



reduce the number of communications paths 



required to provide inter-PE connectivity equivalent to that 



L torus -connected PE arrays. 



2. The intercbnnection system of claim 1, wherein said 
cluster switch furthe^r comprises connections to provide direct 
communications betweem transpose PEs, 



3. The interconnection system of claim 1, wherein data 
and commands may be transmitted and received at said 



communications ports in^ 

a) transmit east/ 
data to an east PE via 
data from a west PE via 

b) transmit nort 
data to a north PE vi-a the^ 



of four selectable modes: 
ive west mode for transmitting 
toTtynuni cat ions port while receiving 
ommuni cat ions port ; 
^ceive south mode for transmitting 
communications port while receiving 



data from a south PE via tl\e communications port; 

c) transmit south/reieive north mode for transmitting 
data to an south PE via the Communications port while 
receiving data from a north P^ via the communications port; 
and 

d) transmit west/receiv^ east mode for transmitting 
data to a west PE via the commuAications port while receiving 
data from an east PE via the communications port. 



4. The interconnection system of claim 3, wherein data 
35 and commands may be transmitted andXreceived in a fifth 

selectable, transpose transmit/receive, mode for transmitting 
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and receiving between transpose PEs . 

5. The interconnection system of claim 4, further 
comprising a controller and memory system connected to the PEs 

5 to simultaneously^ send control information to each PE ' s 

control port and fto send data to each PE ' s data port for 
loading into registers at each PE . 

6. The interconnection system of claim 5, wherein said 
10 inter-PE connect ion \paths are selectively switched by path 

enabling signals. 



^ 7. The intercoVin^ 

y path enabling signals 

M 15 information from said 

irk 

Q 8 . The interconn 

communication port incl 
r; reception paths, where 

il 2 0 to one. 



ction system of claim 5, wherein said 
enerated based upon control 
ller. 

:ion system of claim 4, wherein each 

B-bit wide transmission and 
is an integer greater than or equal 
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9. The interconnection system of claim 1, wherein each 
PE is connected to select iVely send commands or data over a 
communications port while receiving data or commands via 
another communications port , \based upon communications 
instructions received throughX the control port and decoded in 
the control logic residing on >each of the PEs. 



10. The interconnections system of claim 9, wherein the 
30 communication instruction is received by the control logic 

from a controller over said control port. 
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11. The interconnection syst^ of claim 9, wherein the 
cluster switch supports an operation wherein the PEs are each 
simultaneously sending commands or d^ta while receiving 
commands or data. 
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12. The intei\connections system of claim 11, wherein 
said simultaneous operation is selectively switched such that 
the PEs are each simultaneously sending commands or data while 
receiving data or inatructions . 
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13. An array prdbessor, comprising: 

a plurality of processing elements (PEs) , each PE having 
a single inter-PE commuriicat ions port; and 

inter-PE communications paths connected to provide 
inter-PE connectivity ecjuiv^ent to that of a conventional 
torus connected array. 



Ti 14. The array proce* 

M 15 inter-PE communications p4^hs cc 

J transpose PE communication^ 



claim 13, further comprising 
mected to provide direct 



15. An array processojel comprising: 

a plurality of proce^\n^ elements (PEs) arranged in 
20 clusters; 

inter-PE communications \paths connected such that the PEs 
of each cluster communicate im mutually exclusive directions 
with the PEs of each of at le^t two other clusters; and 
cluster switches connected to multiplex inter-PE 
25 communications in said mutual lyXexclusive directions. 



16. An array prodessor, comJ)rising: 
N clusters of M processing elements, each processing 
element having a communio^atioH^N^port through which the 
3 0 processing element transm^sj and r^eives data over a total of 

B wires; \<J^^ 

communications paths wh^h are less than or equal to 
(M) (B) -wires wide connected between pairs of said clusters; 
each cluster member in the pain containing processing 'elements 
35 which are torus nearest neighboi^s to processing elements in 

the other 
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cluster of th4 pair, each path permitting communications 
between said dluster pairs in two mutually exclusive torus 
directions, that is, South and East or South and West or North 
and East or North and West; and 
5 multiplexers^^ connected to combine 2 (M) (B) -wire wide 

communications Ui^^o said less than or equal to (M) (B) -wires 
wide paths betwe^er^said cluster pairs. 

17. The array\ processor of claim 16, whereip the 
10 processing element^s\of each cluster communicate to the North 

and West torus directions with one cluster and to the South 
and East torus directions with another cluster. 
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18. The array processor of claim 16, wherein the 
processing elements of\ elch cluster communicate to the North 
and East torus direct ion^^ith one cluster and to the South 



and West torus direct ion'£' 




another cluster . 



19. The array proces,sor of claim 16, wherein at least 
one cluster includes an x N torus transpose pair. 
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20. The array processor of claim 16, wherein a cluster 
switch comprises said multM)lexers and said cluster switch is 
connected to mutliplex communications received from two 
mutually exclusive torus dii^ctions to processing elements 
within a cluster. 
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21. The array processor t>f claim 20, wherein said 
cluster switch is connected toXmultiplex communications from 
the processing elements within V cluster for transmission to 
another cluster. 
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22. The array processor of alaim 21, wherein said 
cluster switch is connected to multiplex communications 
between transpose processing elements within a cluster. 
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23. The array processor of claim 16, wherein N is 
greater than or eaual to M. 

24. The array processor of claim 16, wherein N is less 
5 than M. 

25. An array processor, comprising: 
N clusters of processing elements, each processing 

element having a communications port through which the 
10 processing element transmits and receives data over a total of 

B wires and each processing element within a cluster being 
formed in closer physical proximity to other processing 
elements within a cluster than to processing elements outside 



the cluster; 



\ 



n 15 communications paths which are less than or equal to 

(M) (B) -wires wide connected between pairs of said clusters, 
g each cluster member in the jpair co?{taining processing elements 

which are torus nearest ^neilglAiojj^^^^to processing elements in 
!^ the other cluster of theypaky, each path permitting 

y 20 communications between saUd cluster pairs in two mutually 

=^ exclusive torus directions, that is. South and East or South 

f and West or North and EastXor North and West; and 

multiplexers connected^ to combine 2 (M) (B) -wire wide 
communications into said less than or equal to (M) (B) -wires 
25 wide paths between said cluster pairs. 

26. The array processor \of claim 25, wherein the 
processing elements of each cluster communicate to the North 
and West torus directions withvone cluster and to the South 

3 0 and East torus directions with another cluster. 

27. The array processor of\ claim 25, wherein the 
processing elements of each clusner communicate to the North 
and East torus directions with onfe cluster and to the South 

35 and West torus directions with another cluster. 
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28. The array \processor of claim 25, wherein at least 
one cluster includes! an N x N torus transpose pair. 

29. The array processor of claim 25, wherein a cluster 
5 switch comprises said multiplexer and said cluster switch is 

connected to mutliplax communications received from two 
mutually exclusive tqpus directions to processing elements 
within a cluster. 

10 30. The array pr\ocessor of claim 29 wherein said cluster 

switch is connected tol multiplex communications from the 
processing elements within a cluster for transmission to 
another cluster. 
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31. The array proaessor of claim 30, wherein said 
cluster switch is connect ec^^^o multiplex communications 
between transpose proces4in4l lelettysnts within a cluster. 



32. The array proce 
than or equal to M. 




r of claim 25, wherein N is less 



33. The array processor of claim 25, wherein N is 
greater than M. 

25 34. The array processcir of claim 25, wherein 

communications between processing elements is bit-serial and 
each processing element clustter communicates with two other 
clusters over said communicatVlons paths. 

30 35. The array processor pf claim 25, wherein the 

communications paths between pijocessing elements comprise a 
data bus . 
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36. The array processor of \ claim 25, wherein said 
communications paths are bidirectional paths. 



37. The arrky processor of claim 25, wherein said 
communications patths comprise unidirectional signal wires. 

38. The arrayl processor of claim 25, wherein P and Q are 
the number of rows! and columns, respectively, of a torus 
connected array haying the same number of PEs as said array, 
and P and Q are equal to N and M, respectively. 

39. The array jprocessor of claim 25, wherein P and Q are 
the number of rows and columns, respectively, of a torus 
connected array haviWg the same number of PEs and P and Q are 
equal to M and N, respectively. 

40. An array processor, comprising: 

processing elements (PEs) PEi.,, where i and j refer to 
the respective row and column PE positions wi'thin a 
conventional torus -connected array, and where i = 0,1,2, ... 
N-1 and j = 0, 1, 2, .\. said PEs arranged in clusters 

^^ii.a)mo6^),iU^.a)iMo^m' for Wn^ i,j and for all a g { 0 , 1 , . . . , N-1 } ; 
and \/ I I 

cluster switches cAnna^tpd to multiplex inter-PE 
communications paths betiWeyen said clusters thereby providing 
inter-PE connectivity ecju^valent to that of a torus -connected 
array . \ 

41. The array processor of claim 40, wherein said 
cluster switches are further connected to provide direct 
communications between PEs in a transpose PE pair within a 
cluster. \ 

42. The array processor\ of claim 40, wherein said 
clusters are scaleable. \ 

43 . A method of forming an array processor, comprising 
the steps of: \ 

arranging processing elements in N clusters of M 
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processing elementsV such that each cluster includes 
processing elements which communicate only in mutually 
exclusive torus directions with the processing elements of at 
least one other cluste\; and 

multiplexing said rftptually exclusive torus direction 
mmunications . 




